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Abstract: The holographic principle, being a generic feature of quantum gravity,
should allow for the consideration of dualities other than AdS/CFT. The AdS/BCFT
correspondence, in which the dual field theory has local conformal symmetry and is
defined on a manifold with boundary, is one such example. Inspired by the quotient-
ing of AdS3 by spacetime isometries in order to construct multiboundary wormholes
dual to multipartite CFT2 states, we find that this correspondence can be under-
stood by combining AdS/CFT with some appropriate quotient procedure. Further-
more, in three bulk dimensions, we find example quotient spaces of AdS3 in order to
construct “natural” bulk duals for specific BCFT2 states, one of which appears to
describe a novel, time-dependent BCFT2 solution. We call this particular refinement
of AdS/BCFT, in which we use quotients, the quotient-AdS/BCFT correspondence.
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1 Introduction
The AdS/CFT correspondence is perhaps one of the most well-understood manifesta-
tions of the holographic principle. However, holography itself is fundamental aspect
of any quantum theory of gravity. In particular, for a theory of quantum gravity de-
fined on some number of dimensions and with some spectrum of fields and operators,
there is a dual description by a quantum field theory on a lower-dimensional space.
Of particular note, there is a one-to-one correspondence between the fields and oper-
ators of the two theories, with empty AdS corresponding to a vacuum CFT state and
other CFT states corresponding to quantum gravity states on an AdS background.
In the context of AdS/CFT specifically, this statement of the holographic prin-
ciple ends up being much more constrained. First, instead of the theory generically
being a (d+1)-dimensional gravity theory, it is defined on AdSd+1. However, AdSd+1
is maximally symmetric, so it appears the same around every point. We thus need
to ask, where could the degrees of freedom of a dual field theory live?
This is where the work of Brown and Henneaux in [1] comes into the picture.
Essentially, this work establishes the notion of the bulk and the conformal boundary,1
1The term “boundary” will be used to refer to two different things in this work: “conformal”
boundary and “topological” boundary, the latter of which refers to the closure of a space minus its
interior. We will typically refer to the former type by “conformal boundary” and the latter type by
either just “boundary” or, for reasons that will become clear, “defect.”
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with the latter being placed at spatial infinity under the Brown-Henneaux boundary
conditions. Furthermore, the field theory restricted to this conformal boundary has
symmetries linked to the isometries of AdSd+1. The isometry group of AdSd+1,
SO(2, d), is the d-dimensional global conformal group, and the symmetry algebra of
the conformal boundary field theory comes from enhancing the Lie algebra so(2, d).
Thus, the field theory is a CFTd; the AdS/CFT correspondence goes even further in
saying that this field theory is a dual description of the bulk theory.
The basic idea of this work is to combine the standard view of AdS3/CFT2 as
a bulk/boundary duality under the Brown-Henneaux boundary conditions with the
quotienting procedure used to construct multiboundary wormholes in [2–5], with the
ultimate goal being a holographic realization of other field theories. Specifically, we
will explore more general quotients of AdS3 which are not a part of the multiboundary
story. Note that we only need to consider spaces which are locally AdS3 and solve
the vacuum Einstein equations because there are no bulk degrees of freedom.
We know from these works that quotienting empty AdS3 in a way that does
not produce any fixed point singularities can yield smooth, locally/asymptotically
AdS3 wormhole geometries. Such spaces themselves are dual to states living in
multipartite conformal field theories, with the number of asymptotic AdS3 regions
matching the number of factors in the tensor product decomposition of the state’s
Hilbert space. Perhaps the most well-known and well-studied example is the two-
sided BTZ wormhole geometry, which is dual to the thermofield double state. This
state is an entangled one living in the tensor product of two CFT2 Hilbert spaces.
[4] discusses the three-boundary scenario, as well; the dual state for such a geometry
lives in a tensor product of three CFT2 Hilbert spaces.
Another interpretation of this result is that, if we quotient AdS3, the resulting
orbifolded space can still host a quantum gravity theory which is dual to a field the-
ory on the conformal boundary. Quantum gravity and gauge theories on orbifolded
spaces are nothing new, having been explored in specific cases by [6, 7]. With re-
gards to multiboundary wormholes, however, these spaces all have asymptotic regions
consisting of separate copies of AdS3. Thus, under the inherited Brown-Henneaux
boundary conditions, AdS3/CFT2 would imply a duality between a quantum gravity
theory on an n-boundary wormhole and a field theory whose states come from a
tensor product of n CFT2 Hilbert spaces.
But, we can ask what happens if we instead allow fixed point singularities in the
quotient space, particularly on the conformal boundary. Pictorially, such singularities
can be seen to arise in an AdS3 quotient if there is no fundamental domain which
can exclude them, so it is reasonable to think that the resulting space will have an
entire subspace consisting of these singularities. If that subspace has codimension
1, both the conformal boundary and the bulk would be expected to have some sort
of nonempty (topological) boundary serving as a defect in the theory. Furthermore,
through the usual asymptotic procedure, the field theory should still have some
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local conformal symmetry away from these defects. All of this indicates that, if
our quotient space includes fixed point singularities on a codimension 1 region, the
resulting dual field theory is a boundary CFT2 (BCFT2), a type of field theory
introduced in [8].
Holographic constructions of BCFTs are nothing new. There is already a well-
known correspondence known as AdS/BCFT, first discussed in a more stringy context
by [9], and later described in a topologically constructive way by [10, 11]. In the lat-
ter work specifically, the holographic dual of a given BCFT is realized by essentially
“gluing” it to an appropriate2 asymptotically AdS space. This correspondence has
been explored in multiple dimensions and with various configurations for the bound-
ary of the field theory[11]. Furthermore, the correspondence has been tested and
explored through the calculations of correlation functions[12] and entropy[13, 14].
However, quotients provide an alternative perspective on how to construct dual
spaces to particular BCFT states. Instead of starting with a BCFT defined on some
space and gluing a bulk to it, we use identifications by isometries in order to arrive
at a BCFT state with a particular domain and a particular bulk to serve as the
background of a dual quantum gravity theory. In this sense, the use of quotients al-
lows for a refinement of AdS/BCFT. Additionally, we can go in the reverse direction,
starting with interesting bulk configurations to obtain corresponding BCFT states.
This work is organized as follows. In Section 2, we start by discussing how a
BCFT may be realized by taking a CFT and quotienting the background space.
Next, in Section 3, we discuss specific examples of relevant AdS3 quotients whose
conformal boundaries would host a BCFT2. Lastly, in Section 4, we tie our results
to holography and the AdS/BCFT story, discussing how our construction meshes
with Takayanagi’s. We also briefly address the more general notion of defect CFTs
(dCFTs) and their role in holography. To avoid ambiguity, will denote our approach
to holographic BCFTs by quotient-AdS/BCFT.
2 BCFTs as CFTs on Orbifolds
If we have a field theory defined on a background manifoldM imbued with a metric,
then we first quotient the manifold by some discrete subgroup of isometries Γ. On
the resulting orbifold M/Γ, fields and operators from the original theory which
respect the symmetries in Γ will be single-valued, while those which do not will have
branches. So, we can obtain a well-defined theory onM/Γ by discarding the objects
which are not invariant under Γ.3
2“Appropriate” means that the “total” boundary of the bulk, including both its conformal and
topological boundaries, can be broken into two attached pieces, one of which is the region on which
the dual BCFT resides.
3Two different field theories may, upon quotienting by isometries, give rise to the same field
theory on homeomorphic orbifolds.
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Consider the following example. Take two-dimensional Euclidean space, R2 im-
bued with the metric,
ds22 = dX
2 + dY 2. (2.1)
We observe that parity in Y , PY (X, Y ) = (X,−Y ), is an isometry of R2. If we
consider a field Φ on R2 such that, for all points in R2,
Φ(X, Y ) = Φ(X,−Y ), (2.2)
then Φ will be single-valued on R2/PY . However, if there is at least one point (X0, Y0)
at which,
Φ(X0, Y0) 6= Φ(X0,−Y0), (2.3)
then Φ will be multi-valued at this point in R2/PY . The same also holds for operators,
so, in order to have a well-defined theory on R2/PY , we must take fields and operators
which are invariant under PY .
In this example, note that the locus of points (X, 0) for all X ∈ R forms the set
of fixed points of PY . Thus, R
2/PY is actually the Euclidean upper half-plane whose
interior is locally R2, and theories on the Euclidean upper half-plane are obtained
from theories on R2 and the operator PY . This orbifold can be realized via the
“folding” discussed in [15].
For metric spaces, as isometries locally leave the metric invariant, quotienting by
a discrete subgroup of isometries ensures that the orbifold M/Γ has the same local
structure as M everywhere except for at defects. In fact, for maximally symmetric
M, neighborhoods of non-defect points in M/Γ are themselves homeomorphic to
M. This is certainly the case for R2/PY , and it is also the case for such quotients
of AdS3. Indeed, this why the multiboundary wormholes constructed as quotients of
AdS3 are also locally AdS3.
4
Thus, if the original theory has more (local) symmetry, then a field theory on an
orbifold will inherit that symmetry, as well. A simple example explored in this work
will be a BCFT2 on the upper half-plane. Such a theory consists of states which are
both well-defined on R2/PY and which have local conformal symmetry. As such, we
could think about a BCFT2 as being obtained by taking a CFT2 on the plane and
quotienting by PY .
With that, we have arrived at the main purpose of this work. We have a pro-
cedure by which we can construct BCFTs from CFTs, and we have the AdS/CFT
correspondence. Combining the two, we should be able to realize holographic duals
of BCFTs states as quotient spaces of AdS. We will specifically focus on the case of
AdS3, but the above arguments are general enough to work beyond that.
4See [2–5] for details.
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Figure 1. On the left, we have AdS3 depicted in terms of Poincare´ coordinates. On the
right, we have AdS3 depicted in global coordinates. The conformal boundaries are in blue;
they are at y → 0 and ρ→∞, respectively.
3 AdS3 Quotients with Fixed Points
We now study quotient spaces of AdS3 which have fixed points, both in the bulk and
on the conformal boundary. Specifically, we will quotient AdS3 by elements of its
full SO(2, 2) isometry group; such quotient spaces will be locally AdS3 everywhere
except for at any defects, such as fixed points.
Before delving into explicit constructions, however, we review some basic details
of AdS3. There are two coordinate systems which we will use: Poincare´ coordinates,
ds2
ℓ2
=
−dt2 + dx2 + dy2
y2
, (3.1)
in which t, x ∈ R and y > 0, and global coordinates,
ds2
ℓ2
= − cosh2 ρdτ 2 + dρ2 + sinh2 ρdφ2, (3.2)
in which τ ∈ R, ρ ≥ 0, and φ ∼ φ + 2π. We visually represent both coordinate
systems in Figure 1.
With Poincare´ coordinates, we will primarily discuss the isometries used to quo-
tient AdS3; particularly, we will use its natural foliation of AdS3 into copies of the
Poincare´ upper half-plane, i.e. the hyperbolic plane H, in order to better visualize
the actions of the isometries. We can also use Poincare´ coordinates to understand
what the bulk spacetime and conformal boundary both look like after quotienting.
To do so, note that the conformal boundary is at y = 0, at which (3.1) becomes,
ds2
ℓ2
y→0
−−→
1
y2
(−dt2 + dx2). (3.3)
(3.3) is conformally equivalent to a two-dimensional flat spacetime. By analyt-
ically continuing the Poincare´ t coordinate to imaginary time, we confirm that the
dual state is the vacuum of a CFT2 on R
2. Furthermore, we can relate the identi-
fications performed in Poincare´ coordinates to identifications in coordinates of this
plane.
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However, in global coordinates, the conformal boundary is compactified along one
of its dimensions, allowing us to visualize the entire space more easily and providing
a more satisfying picture for the quotiented bulk. Additionally, Poincare´ coordinates
only cover part of the full spacetime. To switch from Poincare´ coordinates to global
coordinates, we use,5
t = −
ℓ cosh ρ cos τ
cosh ρ sin τ + sinh ρ cosφ
, (3.4)
x =
ℓ sinh ρ sinφ
cosh ρ sin τ + sinh ρ cosφ
, (3.5)
y =
ℓ
cosh ρ sin τ + sinh ρ cosφ
. (3.6)
Furthermore, in global coordinates, we require the conformal transformation
between the cylindrical conformal boundary shown in Figure 1 and the Euclidean
plane. First, taking ρ→∞, (3.2) becomes,
ds2
ℓ2
ρ→∞
−−−→
e2ρ
4
(−dτ 2 + dφ2). (3.7)
(3.7) is conformally equivalent to a cylinder with a timelike coordinate. So, we
now Euclideanize τ as,
τ → −iτE , (3.8)
and define coordinates (xE , yE) ∈ R2 by,
xE + iyE = e
τE+iφ =⇒ xE = e
τE cosφ, yE = e
τE sinφ. (3.9)
Observe that,
dx2E + dy
2
E = (x
2
E + y
2
E)(dτ
2
E + dφ
2) = e2iτ (−dτ 2 + dφ2). (3.10)
So, we have that the (xE , yE)-plane spanning R
2 is conformally equivalent to
the Euclidean cylinder; analytically continuing back to Lorentzian time, we then
deduce that the plane is conformally equivalent (up to analytic continuation) to the
boundary of AdS3 in (3.7). The relationship between the coordinates of the plane and
the coordinates of AdS3 is expressed in (3.9), allowing us to relate any identifications
performed in global coordinates directly to identifications performed on the plane.
Lastly, in both of the following constructions, we will use the parity operator.
As such, these isometries cannot be obtained from a Killing vector. This is a major
departure from other work which has been done on quotient spaces of AdS3 in [2–
5], all of which discuss how multiboundary wormhole configurations (which do not
have any fixed point singularities) arise from quotients by Killing vectors, i.e. by
isometries in the identity component of SO(2, 2).
5The relationship between Poincare´ and global coordinates can be found by the standard treat-
ment of AdS3 as a hyperboloid embedded in an ambient (2 + 2)-dimensional flat spacetime. As
done in [2], the ambient coordinates can be written as functions of the global coordinates, while
the Poincare´ coordinates can be written as functions of the ambient coordinates.
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Figure 2. A constant t slice of AdS3 on the left, and its quotient by (3.11) on the right.
The red represents the fixed points of this isometry, which, upon quotienting, make-up
a boundary. The black dots are points which are identified with one another. The blue
consists of points on the conformal boundary. This is analogous to the “folding” in [15].
3.1 AdS3 Half-Space from Parity
We start by quotienting by parity. In Poincare´ coordinates, this is,
(t, x, y)→ (t,−x, y). (3.11)
Not only is (3.11) an obvious isometry of (3.1), but its action on and fixed points
in each constant t slice are also evident. Every point is reflected across the x-axis of
each copy of H, so the points along the x-axis itself are all fixed by this isometry.
We show this in Figure 2.
By considering (3.3), we can see that the conformal boundary of the quotient
space is the Euclidean upper half-plane. Indeed, in Figure 2, if we “stack” the folded
constant t slices, the resulting spacetime’s conformal boundary will just be an upper
half-plane. We will confirm this more explicitly by working in global coordinates.
From (3.4)-(3.6), parity in global coordinates is,
(τ, ρ, φ)→ (τ, ρ, 2π − φ). (3.12)
In global, the fixed points are all of the points for which φ = 0, π. Performing
this quotient on the cylindrical visualization of AdS3, we obtain AdS3 half-space as
shown in Figure 3.
In order to better understand the conformal boundary of AdS3 half-space, we
look at how (3.12) acts on the (xE , yE)-plane discussed at the start of the section.
Using (3.9), we see that,
(xE , yE)→ (xE,−yE). (3.13)
Thus, the conformal boundary of half-AdS3 is indeed conformally equivalent to
the Euclidean upper half-plane, since we are essentially folding the (xE , yE)-plane
along the xE-axis.
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τφ
ρ
0
π
Figure 3. The quotient of AdS3 by parity, in global coordinates. The red plane is the
locus of fixed points, and the dark blue portion is the conformal boundary. Precisely half of
the points from the bulk remain after quotienting. Note that considering the fixed points
as defects in the bulk constructively reproduces the “slicing” discussed in [16]; the induced
metric on the space of fixed points is that of AdS2.
3.2 AdS3 Strip from Inversion + Parity
We can consider a more exotic isometry than just the parity transformation used to
construct half-AdS3. First, consider inversion in Poincare´ coordinates,
6
(t, x, y)→
a2
x2 + y2 − t2
(t,−x, y). (3.14)
Here, a is some real parameter with the same dimensions as the Poincare´ coor-
dinates. If we further compose (3.14) with parity, then we obtain,
(t, x, y)→
a2
x2 + y2 − t2
(t, x, y). (3.15)
This map preserves the metric. However, note that it is not a well-defined
isometry on all of the Poincare´ metric in AdS3. In particular, on any constant t slice,
if we consider a point (t, x, y) where,
x2 + y2 − t2 < 0, (3.16)
then (3.15) would map (t, x, y) to a point with a negative y coordinate, which is not
within the domain of the Poincare´ coordinates. Thus, we must exclude the points
for which (3.16) holds.
Now, to gain an understanding of where quotienting by (3.15) may yield defects,
we consider two possible cases for points in AdS3. First, take a point (t0, x0, y0) such
that x20 + y
2
0 − t
2
0 6= 0. Then, (t0, x0, y0) is a fixed point of (3.15) if and only if,
a2
x20 + y
2
0 − t
2
0
= 1 ⇐⇒ x20 + y
2
0 − t
2
0 = a
2. (3.17)
6We call this transformation such because it reduces to the usual inversion map on H at t = 0.
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Next, take (t0, x0, y0) such that x
2
0 + y
2
0 − t
2
0 = 0. Under (3.15), any such point
would go to infinity, so these points are singular. However, because we are quotienting
by (3.15), these points are also identified with one another. Additionally, as we have
removed the points for which (3.16) holds, the singular points define a defect.
To summarize, the locus of fixed points is,
{(t, x, y) ∈ AdS3 | x
2 + y2 − t2 = a2}, (3.18)
while the locus of singular points is,
{(t, x, y) ∈ AdS3 | x
2 + y2 − t2 = 0}. (3.19)
Both the fixed points and the singular points live on semicircular geodesics in
constant t surfaces. These semicircles are centered at (0, 0) and have radius a2 + t2
and t2, respectively. This means that the both the locus of fixed points and the locus
of singular points shrink as t goes from −∞ to 0, then grow as t goes from 0 to ∞.
We are ready to describe the quotient space. Essentially, we wish to show that all
of the points between the surfaces defined by (3.18) and (3.19) map to points strictly
outside of (3.18) in a one-to-one way ; this would allow us to accurately represent
all points in the quotient space. More concretely, we start with the first part of this
statement; consider a point (t0, x0, y0) such that,
x20 + y
2
0 = R
2, 0 < R2 − t20 < a
2. (3.20)
Under (3.15),
(t0, x0, y0) 7→
a2
x20 + y
2
0 − t
2
0
(t0, x0, y0) =
a2
R2 − t20
(t0, x0, y0) = (t
′
0, x
′
0, y
′
0). (3.21)
So, we want to show that,
(x′0)
2 + (y′0)
2 > a2 + (t′0)
2. (3.22)
By plugging-in (3.21) and assuming R2− t20 > 0, we have that (3.22) is only true
if and only if,
a4
(R2 − t20)
2
(x20 + y
2
0) =
a4R2
(R2 − t20)
2
> a2 +
a4t20
(R2 − t20)
2
(3.23)
⇐⇒
a4(R2 − t20)
(R2 − t20)
2
=
a4
R2 − t20
> a2 (3.24)
⇐⇒ a2 > R2 − t20. (3.25)
(3.25) was our assumption. Thus, on each particular slice, after removing the
points for which (3.16) holds, the fixed and singular points define an “inner” region
and an “outer” region, defined by,
Inner: {(t, x, y) ∈ AdS3 | 0 < x
2 + y2 − t2 < a2}, (3.26)
Outer: {(t, x, y) ∈ AdS3 | x
2 + y2 − t2 > a2}, (3.27)
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and the inner region is mapped to the outer region by (3.15).
Now, we show that this mapping is one-to-one; if we have inner region points
(t1, x1, y1) and (t2, x2, y2) such that their images are the same, i.e.,
a2
x21 + y
2
1 − t
2
1
(t1, x1, y1) =
a2
x22 + y
2
2 − t
2
2
(t2, x2, y2), (3.28)
then, by squaring and summing the coordinates, we may write,
a4
(x21 + y
2
1 − t
2
1)
2
(x21 + y
2
1 − t
2
1) =
a4
(x22 + y
2
2 − t
2
2)
2
(x22 + y
2
2 − t
2
2)
=⇒ x21 + y
2
1 − t
2
1 = x
2
2 + y
2
2 − t
2
2. (3.29)
However, combining (3.29) with (3.28) implies that,
(t1, x1, y1) = (t2, x2, y2), (3.30)
so, if we have two different inner region points, then they must map to two different
outer region points.
With that proven, we conclude that the inner and outer regions are identified
when quotienting by (3.15) in a one-to-one way, allowing us to use just the inner
region in order to depict the quotient space. In other words, the inner region is the
bulk of the quotient space. This bulk, along with the locus of fixed points and the
locus of singular points, is depicted in Figure 4; we call the geometry an AdS3 strip.
AdS3 strips are still covered by the Poincare´ metric except for at the fixed and
singular points, so we can consider what happens along the conformal boundary
y → 0. In particular, (3.18) describes a hyperbola,
{(t, x, 0) ∈ AdS3 | x
2 − t2 = a2}. (3.31)
Meanwhile, (3.19) describes two lines,
{(t, x, 0) ∈ AdS3 | x
2 = t2}. (3.32)
Thus, the configuration of the dual BCFT2 state is shown in Figure 5. This
particular state has time-dependent boundary dynamics; we can interpret the fixed
points as Rindler observers and the singular points as setting a “speed limit” on
those observers. Furthermore, we should be able to probe its dynamics by computing
quantum information quantities, i.e. complexity or entropy, which we could expect
to evolve in time. We leave this to future work.
AdS3 strips are also interesting from a holographic perspective. It is essentially
a hyperbolic shell which “widens” and “thins” in time. As such, it should have
characteristic geometric quantities that can be computed using the Poincare´ metric.
Upon probing the dual BCFT2 state, we can check how field theoretic quantities may
compare to the bulk geometric ones.
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xt
y
t = −t0
t = 0
t = t0
•
Figure 4. The quotient of AdS3 by inversion composed with parity, with a cross-section
taken at the t = t0 slice. The outer (red) surfaces is the locus of fixed points (3.18), while
the inner surface is the locus of singular points (3.19). The bulk (depicted in light blue at
t = t0) is strictly between the two surfaces and “widens” away from t = 0. The singular
points develop from the bullet point at t = 0. The shape is hollow because we remove the
points for which (3.16) is satisfied.
•
a
•
−a x
t
Figure 5. The dual BCFT2 state obtained upon quotienting by (3.15). The red lines
represent defects, with the solid lines being the locus of fixed points (3.31) and the jagged
lines being the locus of singular points (3.32). The fundamental domain is in blue. The
parameter a in (3.15) controls the minimum separation of the fixed points.
4 Holographic Considerations
Having discussed a couple of AdS3 quotients and their corresponding conformal
boundaries, we are ready to discuss duality. Much of this conversation will be kept
general, to any number of dimensions.
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4.1 Quotient-AdS3/BCFT2 and AdS/BCFT
When considering a quantum gravity theory on AdSd+1, AdS/CFT states that it
must be dual to a CFTd on the conformal boundary, R
d. Quotienting AdSd+1 by a
discrete subgroup of isometries Γ, we obtain a new background which hosts a theory
containing only the fields and operators invariant under Γ. As for the dual CFTd, the
same thing happens; the new theory after quotienting still has local conformal sym-
metry, but its states must also respect Γ. Furthermore, any fixed point singularities
which cannot be avoided in any fundamental domain representation7 will introduce
boundary points in the quotient space, turning the CFTd into a BCFTd.
In the case of AdS3/CFT2, even with such singularities, duality between the new
theories on the orbifolded spaces should still be preserved for two reasons. First,
each field or operator which is kept when quotienting the bulk should correspond in
with a field or operators which is kept when quotienting the conformal boundary.
Secondly, for three bulk dimensions, the equations of motion are vacuum equations.
Thus, there are no bulk degrees of freedom, so the full spectrum of (B)CFT2 states
are represented by locally empty AdS3 geometries.
As a result, we have the quotient-AdS3/BCFT3 correspondence; when unavoid-
able fixed point singularities enter the picture, well-defined quantum gravity theories
defined on a particular quotient space of AdS3 are dual to a BCFT2 defined on a
relevant space with boundary. The bulk is still locally AdS away from any fixed
points, since we only consider quotienting by isometries.
How these holographic bulk spaces in correspondence with BCFTs actually look
is not too different from the picture presented by Takayanagi in [10]. Using his
notation, if we start with a BCFT defined on a d-dimensional manifold M, we
can extend it to a holographic bulk by “attaching” M to an asymptotically AdS
spacetime N which is (d+ 1)-dimensional. N itself has a boundary,
∂N = Q ∪M. (4.1)
Furthermore, Q and M are themselves connected at their boundaries,
∂Q = ∂M. (4.2)
This is indeed what we see in Figure 3, when we quotient by parity. The boundary
of the bulk consists of the dark blue region, on which the BCFT is defined, and the
red region, which is attached to the dark blue region along its own boundary. We
also see Takayanagi’s construction realized in Figure 4, when quotienting by parity
and inversion together.
7This is as opposed to quotients whose fixed points can be avoided by some fundamental do-
main. For example, when quotienting AdS3 by dilatation, we have a single fixed point in Poincare´
coordinates, but we can avoid it to see that dilatation produces the locally AdS3 two-sided BTZ[2].
The resulting state lives in a field theory without defects.
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In a sense, quotient-AdS3/BCFT2 not only refines AdS/BCFT, but also justifies
its naturalness; that BCFT states can be dual to asymptotically AdS spacetimes is a
result of AdS/CFT being applied to quotient spaces of AdS. We have explored this
idea specifically in three bulk dimensions (quotient-AdS3/BCFT2), even arguing for
duality between the theories,8 but, if quotienting by isometries, we should be able to
explore particular, potentially exotic BCFT states in higher dimensions through this
procedure.
4.2 Quotients and AdS/dCFT
A defect CFT or dCFT has the local symmetries of a CFT, but is defined on a
space with defects that have a particular codimension. BCFTs are a particular case
of dCFTs, in which the defects are on a surface of codimension 1 (aptly called the
boundary).
The properties of holographic dCFTs have been explored thoroughly through-
out the literature[15–19]. The key point is that, just as there is an AdS/BCFT
correspondence, there is a much broader AdS/dCFT correspondence, in which the
gravitational theory will also contain a defect[19].
In light of the above work, this begs the question: is there a quotient formulation
of AdS/dCFT? In AdS3, as we have already explored the case of defects on a subspace
of codimension 1, but we could also try to explore defects with different codimension.
For the codimension 2 case, the fixed points would need to make-up a line in
AdS3. One way to arrive at such a defect is to use isometries like those of Section 3,
but only on a single or discrete collection of spatial slices. As for the conical defects,
[6] discusses how such quotient spaces can host quantum gravity theories, so further
analysis should be possible.
For more general spacetimes in a larger number of dimensions d, one could
consider exploring defects of specific codimension. The more natural cases may
either be codimension 1 defects (boundaries) or codimension d − 1 defects (conical
singularities).
As dCFTs are a generalization of BCFTs, exploring how their states may be
realized via quotient spaces constitutes a possible direction of interest for future
work.
5 Conclusions
To summarize, we have used quotient spaces of AdS3 in order to arrive at a natural
construction of holographic duals for BCFT2 states. In three bulk dimensions, this
8The existence of dual states need not imply duality between theories; to prove duality between
theories, we would need to confirm that all BCFT states can be realized holographically by quo-
tienting asymptotically AdS spaces, but the equations of motion will not be vacuum equations
outside of three dimensions.
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hints at duality between quantum gravity on quotients of AdS3 and particular BCFT2
theories, both of which would have matching boundaries. Our results line-up with
what is known regarding AdS/BCFT, but start with the AdS/CFT correspondence
and use quotients in a more constructive manner. The true power of quotienting, as
shown in the AdS3 strip construction of Section 3.2, lies in its ability to yield CFT
states with dynamical defects. Our approach could perhaps be used to explore the
structure of more exotic BCFT and dCFT states.
From our work here, there are several avenues available to the interested re-
searcher for future work. In no particular order, they are as follows.
• The quotient explored in Section 3.2 is specifically a BCFT state whose bound-
ary is time-dependent. Thus, one could, in principle, compute quantities like
entropy and complexity, in order to see how they may evolve in time. Further-
more, one could attempt to understand such quantities holographically, in the
bulk quotient space.
• Is there a way to quotient AdS3 which would produce multipartite BCFT2
states? For a bipartite state, one possibility may be to quotient by dilatation
controlled by a scale factor λ, as is done to construct a two-sided BTZ, then
quotient again by a composition of inversion and parity discussed in Section
3.2. By choosing the factor a in (3.15) such that,
a =
λ
2
, (5.1)
the fixed points on the t = 0 slice would essentially cut the corresponding, un-
derlying Riemann surface of the two-sided BTZ in half. Thus, conceptually, this
quotient may be a “folding” of the two-sided BTZ, consequently producing a
so-called BTZ half-space. If this is true, then we could also probe entanglement.
• The isometries in Section 3 have fixed points which constitute codimension
1 subspaces. One could quotient in such a way that the fixed points live in
subspaces of different codimension. We expect this to lead to holographic
descriptions of particular dCFT states.
• We only explored two different isometries in this work. It would be interesting
to see what other BCFT2 theories can be obtained. A possibly lofty goal
could be a full classification of the holographic BCFTs and dCFTs obtained
by quotienting AdS3 equipped with particular quantum gravity theories.
• While the construction appears to match the idea behind how [10] constructs
holographic duals to BCFTs, we still have not checked that geometric quantities
in these quotient spaces can be properly related to BCFT observables. This is
a key stress test for quotient-AdS/BCFT in particular.
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• We can explicitly ask what may happen when we quotient higher-dimensional
AdSd, with d > 3. Conceptually, we may expect some version of quotient-
AdS/BCFT to work for any dimension, but, as there are bulk degrees of free-
dom in higher-dimensional Einstein-Hilbert gravity, only quotienting empty
AdSd may not provide bulk duals for every BCFTd−1 state. In other words,
while we may have dual states, we may not have dual theories. One may
need to quotient spacetimes which are only asymptotically AdSd, as well, but
such spacetimes are not necessarily maximally symmetric, limiting the avail-
able number of independent isometries. Exploring this question could allow us
to study higher-dimensional BCFT from a quotienting angle.
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